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1 INTRODUCTION 

The orig.' j1 backplane to implement the LSI-11 Bus was designed to 
acconimodate Digital's quad and dual height modules. It became known 
as the "Q-Bus" to reflect the quad board form factor. Both LSI-11 bus 
and Q-Bus are Digital trademarks, but are not registered trademarks. 
Several bus architecture features of the LSI-11 Bus are protected by 
claims in Digital Unibus patent numbers 3,710,324 and 3,815,099. Some 
publications may also use the term SUB-UNIBtB, although this is not 
reconmanded . 

V*ien the LSI-11 Bus was expanded to provide 22 address lines, the 
terms Q22-Bus and extended LSI-11 Bus were adopted to specify 
backplanes that bus the four additional lines. 



icluded in this standard, the desigi 
anfigure system hardware that will be 
Intern components designed to the same 
: system component that is designed to 
subset of LSI-11 Bus functions, must comply 



complete specifications for the LSI-11 Bus, 



1.3 RESPONSIBILITIES 

This standard is the result of efforts by the Q-Bus Task Force, which 
~ representative of the design conmunit> of engineers from product 
-ne and central engineering organizations. Accountability and 
responsibility for maintainence of this standard resides with one 
person. 'Riat person is designated responsible engineer and his or her 
name will appear as the latest originator on the title page of this 
standard. It is that person's responsibility to convene the task 
force to review and approve any ECO's to this standard, to sign ECO's, 
and to transfer accountability via ECO to update author history. 



BBSBD^D 
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D USE THIS DOCLMEarr 



First, use the Table of Contents to find specific items of interest, 
such as DATI Protocol or Bus Mastership Protocol, or Electrical 
Characteristics. 


Second, know how this document 
and current specification of t 
the release data of this spec: 
organized to provide a serie: 
followed by specifications, 
versions of the bus. 


is organized. Section is the true 
he bus, and all designs released after 
ification shall conform to it. It is 
3 of overviews for first time users. 

Section 1 ia a history of previous 


Conventions used in the protoco 
ana .-recede the protocol sectio 


1 section follow the electrical section 


the protocol descriptions are 
specification format where poss 
as follows: 


presented with overviews, followed by 
lible, otherwise by just specifications. 


Power Up/Down Protocol (specification) 



Initialization (specification) 

Boot Protocol (specification) 

Data/Address Structure (specification) 

Definition of I/O Page (specification) 

Interruf.t Structure (overview) 

Bus Mastership (DMA) Protocol (specification) 

Data Transfer Protocol (specification) 

Refresh Protocol (specification) 

Interrupt Protocol (specification) 

BEVENT and BBOK Protocol (specification) 

HALT Protocol (specification) 



:lassify your needs from this document 




If you are new to L.ie Q-Bus, you wil 
the document completely. It will ta 
you just read it -. ithout stumbling 


1 benefit most by reading 
ke less than an hour, if 
over points of technical 


If you are designing a Q-Bus opti 
directly to the electrical charac 


on, you may Wdnt to go 
rteristics and protocol 


descriptions of interest to you. 




If you are involved in older Digital 
the LSI Bus in Section 1 may be of mo 


. systems, the history of 
re interest. 


If you are designing new systems, the 
section will give you some ideas. 


configuration of options 
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1. 5 REFERENCED STANDARDS 
DEC STD 007 
DEC STO 030 
DEC STD 102 



Design Review Process 

Module Manufacturing Standard 

Environmental Standard For Computers a 
Peripherals 



DEC STD 122 



DEC STD 186 



Ac Power Lin. 


B Standard 


Unibus 


Speci: 


Eication 


Signal 


Integ 


rity 



1.6 CCWPORMANCE 



participating in the design revie 
the LSI-11 Bus to assure that the 
stated in this specification. 



Backplane - The physical mounting blocks into which modules 
inserted; bus signals are connected on the reverse side by wire 
etch. 



- Point 
nt - Port 



contact between a stub and the bus. 



of the Q-Bus system between and including two 
lus segment consists of a termination, a 120-ohm 
on path (cable) with options containing drivers and 
ittached to it, and another terminaton in that order. 
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Daisy Chain - A bus signal t±at is broken at each module slot, wt 
may be terminated or passed along by the insertion of a module v 
circuitry. 



57-00000-01 DAT/CTL 
21-15542-01 MMU 
57-00001-01 FP 



Interrupt Fielding Processor - Usually considered as part of the 
processor or processor module, this control logic arbitrates 
asynchronous interrupts from devices on the bus to determine vi*jich 
device has a higher priority. Once the priority is established, the 
processor acknowledges the interrupt. 

Logic Reference - Return path or common power supply output for a 
logical r'.rerence voltage (i.e. with TTL a logic "1" might be 3.4 V 
with respect to logic reference). Sometimes referred to as ground. 



21-15579-00 DAT 
23-002C4-00 CTL 
23-001B5-00 MICROM 
23-002B5-00 MICRCM 
23-003B5-00 MICROM 

Master - The device, mod 



; bus interface slot 
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ODT, Online Debugging Technique (Halt Mode) - Sane processors feature 
a console communication mode for debugging and starting programs from 
the Halt state, which is called ODT. 



Q-Bus - Any of , 


a ^roup of backplane and cable systems that 


Q-Bus signals, i 


including 18 lines for address delimitation. 



PS, PSW, Processor Status VIord - A processor register that contains 
data relevant to the status of the processor and the operation most 
recently completed; the data indicates what interrupt levels will be 
acknowledged and what some of the results of the most recently 
completed operation were. 

Jrry the 

Q22 Bus - Any of a group of backplane and cable systems that implement 
the Q-Bus signals and are capable of handling 22 lines for address 
delimitation. 

Signal Skew - The difference in propagation delay between any tvro 
devices, one being at maximum propagation delay and the other being at 
minimum propagation delay. 

Slave - A bus de 
transactions wit 



Stack - An area of memory reserved for storing Marking program data. 
Under control of a processor register called the stack pointer, data 
is referred to as being pusned onto and popped off of the stack, in a 
last in, first out sequence. 

State a - In devices whose logic proceeds through a series of states 
after power up, the initial, ready to begin work, state is often 
referred to as state a. 

ine that does not form part of the 
i to far end. 

Victim - If signal transitions on one or more cable or etch conductors 
cause a voltage spike to develop on a nearby non-involved conductor, 
the non-involved conductor is designated as the victim. 



: STD 16a, Sectlc 



BUS SIGNALS 



2.1 PHTOTCAL OVERVIEVK 

An LSI-li computer system is basically a controlling processor, 
memory and I/O (input/output) devices. Tiiese devices are generally 

on printed circuit boards, sometimes called modules, wnich 

he bus via fingers. 

Mechanical form factor/dimensions of dual and quad Digital modules can 
be found in DEE STD 030, Module Manufacturing Standard . The fingers 
of the module plug into connectors whose pins become the LSI-11 Bus 
signal lines. These linss may be connected via etch or wires and 
these wires or etch on the back of the block become the backplane. Up 
to three backplanes may be connected by cables totaling a maximtxn of 
16 feet. A total of 42 signal lines are used in the LSI-11 Bus. The 
signal lines are functionally divided as listed in Table 1. 



Table 1. Sumnary of Signal Line Functions 



Quantity 


Function 


Bus Signal 


Mnemonic 


16 


Data/Address Lines 


BnAL<15:00> 






Memory Parity/ Address Lines 


BDAL<17:16> 






Address Lines 


BDAL<21:18> 






Address and Data Transfer 
Control Lines 


BSYNC, BDIN, 
BWTBT, BBS7, 


BDOUT, 
BRPLY 




Direct Memory Access DMA Control 
Lines 


BCMR, BDMG, 


BSACK 




Interrupt Control Lines 


BIRQ4, BIRQ5 
BIRQ7, BIAK 


, BIRQ6, 




1 


BPOK, BDCOK, 
BHALT, BREF, 


BINIT, 
BEVNT 



All LSI-11 Bus signals e 



3 asserted low and negated high, except BPOK 



SDSDDSD 
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LSI-11 Bus signals, with the exception of OilA grant and interrupt 
acknowledge signals, are bi-directional. This means they can be driven 
or received at any point along the signal line. When driven, 
bi-directional signals travel in two directions; from the driver to 
the near end terminator, and from the driver to the far end 
terminator. The exceptions are BIAKO L, BIAKI L, BDMGO L, and BEMGI 
L. 



i BIAKO L as output from one device to BIAKI L as 
input to the next device on the bus. BDMGI L and BCMGO L form a 
similar priority daisy chain for Bus Mastership Grant. 

Devices connect to all Q-Bus lines via high impedance receivers and 
gated, high current, open-collector drivers. 

2.2 BUS TRANSACTIONS OVERVIEW 

There are four basic kinds of transactions that can take place over 

a. Power up/down signal sequencing. 

b. Transfer of bus mastership from bus master. 

c. Transfer of data between a bus master and a slave. 

d. Interrupts to the interrupt fielding processor. 



2.2.1 Power Up/Down Overview 

When power is first applied, the BPOK H, BDCOK H and BINIT L signals 
initialize devices on the bus and cause the controlling processor to 
assume control (mastership) of the bus. The controlling processor may 
then execute some boot program or other power up option. 

2.2.2 Transs'er of Bus Mastership 



The bus mastt initiates a transfer 


■ by placing the address of t 


slave device c:i the bus along with co 


ntrol signals. It then waits 1 


the slave's reply and continues witl 


h the transfer according to I 


protocol. A bus cycle is not complet 


e until the required master/sli 




s, fast and slow devices, ei 


determining its own bus cycle time, c 


an connect to the bus. 
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2.2.3 Data Transfer Overview 

Data transfers occur asynchronously within a master/slave relationship 
under a strict protocol defined in this standard (subhead 4.4). The 
controlling processor is generally the default bus master. It will 
relinquish bus mastership to any requesting device (sometimes referred 
to as a direct memory access or DMA device) when it is not currently 
using the bus. Any device that contains the appropriate circuitry may 
become the bus master and control data transfers over the bus to or 

Because bus cycle completion by the bus master requires response from 
the slave device, each bus master must include a time out error 
circuit that will abort the bus cycle if the slave device does not 
respond within the required 10 microseconds. Masters generally allow 
12 microseconds. 



Interrupts to the interrupt fielding processor from any device on the 
bus follow a unique protocol. When a device wishes to interrupt the 
processor, it asserts a request line. When the processor acknowledges 
the interrupt, the device places an address (called a vector) on the 
the contents of that address location and 
to obtain a new PC and PSW. 

■ processor then executes the interrupt routine starting at the new 
When the task is completed, the last instruction, RTI or RTT, 

stores the old PC and PSW from the stack. The processor then starts 

"the address of the old PC (where 

handbooks for more detail on 



2.3 SIGNALS AND PINS (Quantitative and Descriptive Overview) 

A summary of LSI-11 bus signals at 
in Table 2. Detailed functiona! 
subhead 6. The pin nomenclatui 
applicable when examining Digital n 
STD 030 and Digital circuit schema^ 
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Table 2. LSI-11 Bus Signals and Pin 



Number ] 
of Pins 


Functional Category 


Digital's Nomenclature {p^'^^ 


16 


Data/Address 


BDAL0, BDALl, BDAL2, BDAL3. . .BDALIS 
AU2 AV2 BE2 BF2 BV2 




Memory Parity Control/ 
Error Address 


BDALie, BDALl? 
ACl ADl 




Address 


BDALIS, BDAL19, BDAL20, BDAL21 
BCl BDl BEl BFl 




Address and Data 
Control 


BDOOT, BRPLY, BDIN, BSYNC, BWIBT, BBS? 
AE2 AF2 AH2 AJ2 AK2 AP2 




Device Interrupt 
Control 


BIRQ?, BIRQ6, BIRQ5, 8IRQ4, BIAKO, BIAKI 
BPl ABl AAl AL2 AN2 AM2 




DMA Control 


BDMR, BSACK, BEMGO, BDMGI 
ANl BNl AS2 AR2 




System Control 


BHALT, BREF, BEVNT, BINIT, BDCOK, BPOK 
API ARl BRl AT2 BAl BBl 




S SPARES 


AEl, AHl, BHl, AFl 
(Slot 1 only: SRUN g AFl) 




M SPARES 


AKl & ALl, BKl & BLl (pairs connected) 




P SPARES 


AUl, BUI 




+12B (battery) 


ASl, BSl 




+58 (battery) 


AVI 




+5 Vdc 


AA2, BA2, BVl 




+12 Vdc 


AD2, BD2 




-12 Vdc 


AB2, BB2 


« 


GND 


i AC2, AJl, AMI, ATI, BC2, BJl, BMl, BTl 
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ELECTRICAL CHARACTERISTICS 



3.1 OVERVIEW AMD DESIGN GOALS 

The Q-Bus is designed to be the interconnect medium for devices that 
consist of small, LSI-based PDP-11 computing systems. Some of the 
design goals are: 

be expandable and upgradeable 

That the bus will have well- 
clearly defined limits cons 
computer system" . 



! possible, while 



3.2 THEORETICAL DESIGN CENTER/Q-BUS SPECIFICATIONS 



3. 2. 1 Backplanes 



3.2.1.1 Naximun Number of Backplanes - A system can have either or 
two, or three backplanes. Bus signals run from the near end of t 
first backplane to the far end of the last backplane. 



3.2.1.2 Impedance of Wire or Etch - The characteristic impedance of a 
backplane signal line, with all other signal lines and logic 
references tied together, must be 120 ohms, +_ 10%. 



D6160-003 
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PROCESSOR 



BACKPLANE WIRE 

~ 25.4 cm (10 in) MAX 

\ S^—r 



ONE 
UNIT 
LOAD 



ONE 
UNIT 
LOAD 



120-OHn TERniNATOR 210-OBI TERMINATOR 

35 AC UNIT LOADS 20 AC UNIT LOADS 

20 DC UNIT LOADS 20 K U.UT LOADS 



D Cotsf Igurations 




PROCESSOR 



Figure 2. Interaedlate Configurations 



SDSflDSD 
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BACKPLANE W!RE_ 
20.3cm(8in)MAX. 

I ^ S r 



ONE 
UNIT 
LOAD 



ONE 
UNIT 
LOAD 



Z^ACUNTTLOAOS ' 









1 


—IT— 


1 




1 








ONE 
UNIT 
LOAD 




ONE 
UNIT 
LOAD 




1 










CABLE 












CABLE 



ADDITIONAL 

CABLES 

a BACKPLANE 



22 AC UNIT LQAM^ 

BACKPLANE WIRE_ 

20.3cm (Bin) MAX. 




22 AC UNIT LOADS 



NOTES : 

1. TWO CABLES (MAX.) 4.88m (16ft) (MAX.) 
TOTAL LENGTH. 

2. 20 DC imiT LOADS TOTAL (MAXJ 

Figure 3. Maxiaia Configurations 



mmn 
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3. 2. 2 Interconnect Cables 



2.2.1 Impedance of Cable 

,th a two or more backplane system, a 
I bus the backplanes together. Ttii 
itic impedance of 120 ohms, + 20%. 



In a three backplane system, one of the 
be between 2 and 6 feet long; the other 
least 4 feet long, but not more than 10 feet long. 



3.2.2.3 Maximum Crosstalk - With a constant voltage of 5 volts on a 
given signal line (victim line) , and a 8 ns rise/fall time pulse 
applied to all other signal lines simultaneously, the crosstalk on the 
victim line must be less than 5% of the 5 volts (or .25 volt). This 
must be true for both near and far ends of the cable. 



3.2.3 Connectior 



3.2.3.1 Maxioun Contact Resistance - 

to cable header or module-to-backplane) must 

less than 0.02 ohm. 



3.2.4 Return Path (or Logic Reference I 



3.2.4.1 MaximuD Resistance - Resistance of the comnon return path, 
(signal ground), as measured between near end and far end (including 
all intervening connectors, cables, backplane wiring, connection 
module etch, etc.) must not exceed an equivalent of 2 ohms per signal 
line path. This provides a return path resistance of not more than 2 
ohms divided by 40 bus signal lines, or 50 milliohros. 
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3.2.4.2 Signal Path Routing - Logic reference, or the return path for 
bus receivers must be part of the bus signal distribution. 

Common system, c 

3.2.5 Bus Drivers and Receivers 



3.2.5.- Length of Etch from Driver/Receiver to Finger - From th 
module finger {module contact point) to the output pin of a driver c 
the input pin of a receiver, the length of etch must be less than tv 
inches. Drivers and receivers are considered part of the bus eve 
though they are located on the modulp 



3.2.5.2 Driver and Receiver Power and Reference Separation - Drivers 
and Receivers should have adequate {50 mil nominal, 30 mil rainimun) 
and separate power and reference etch. Power and logic reference 
paths must be direct from finger to IC (no tap offs are allowed, 
except at a finger) . 



3.2.5.3 Operating Temperature Range 

Electrical specifications for drivers , 
between temperatures of 0" C and 70* C 



3.2.5.4 Operating Supply Voltage Range for Drivers and Receivers 
Power supply voltage for a driver or receiver can vary between 4.71 
volts and 5.25 volts dc without violating the specif icat .ons in thii 



mmm 
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3. 2. 5. 6 Receiver Input Thresholds - 



Vcc = 5.0 V, ; 
Vcc = 5.0 V, • 



iture designs should try to conform to 
le 8641-2 specification for improved 
)lse inmunity. 



3.2.5.7 Receiver Propagation Delay - Propagation delay from the input 
of the receiver to the output of the receiver must not be greater than 
35 ns. Ihis value should be measured from the receiver input 
threshold voltage of 1.7 V, to an output voltage of 1.5 V. An input 
with a 10 ns rise/fall time with V between 0.8 V and 2.6 V must be 
used for the measurement. Loading of the output will be 390 ohms to 
+5 V and 1.6 Icilohms to logic reference, with a capacitance of 50 pF 
to logic reference. 



3.2.5.9 Receiver Noise loiinity - The current Q Bus receivers do nc 
have a noise rejection specification. The following specification i 
recommended for new receiver designs: 



Volts 


Pulse 


Width (ns) 


Transition Time 


0.0 to 3.8 
0.0 to 2.5 




8 
14 


3.2 r 
2.4 r 


s rise/fall 
s rise/fall 


3.4 to -0.4 




8 


3.2 r 


s fall/rise 


3.4 to 0.9 




14 


2.4 r 


s fall/rise 
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With a load circuit of 1.2 kilohms and 15 pF 
1N3064 diode from 200 ohms to +5 Vdc in i 
diodes to ground. See the following 
specification. 






Load Circuit 




3.2.5.12 Driver Power Down Conditions - During power down of a '•us 
driver, while it's asserting a bus signal, the driver must negate that 
signal a.td not glitch or assert the signal while power is off or 
during power down. Also, when a bus driver is not asserting a signal 
v*ile powering down, it must not glitch or assert the signal. 

3.2.5.13 Driver Output Voltages 

Low Level output Voltage (Vqj_) - 0.8 V maximun @ 70 mA 

High Level Output Volteige - Ho high level output voltage is 
specified because bus drivers have open collector outputs and the 
specific voltage will depend on bus loading and bus terminators. 

3.2.5.14 Driver Propagation Delay - Propagation delay from driver 
input to driver output, or frcn enable to driver output, with an input 
between 0.0 V and 3.0 V, a 10 ns rise/fall time, and with 91 ohms to 
+5.0 V and 200 ohms to logic reference, must not exceed 25 ns maximum 
e 15 pF to logic reference. 



mmm 
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3.2.5.15 Driver Skew - As is the case for a receiver, t.la si 
between two bus drivers, one at maximum propagation delay and '< 
other at minimum, must not exceed 25 ns maximum. 



High Level 25 ua a 3.8 V dc 
Low Level -10 ua a a. 4 v dc 



3.2.6 Bus Loading 



3.2.6.1 Dc Unit Load - A dc unit load is defined as 2100 mA, 
related to the amount of dc leakage current that a bus 



3.2.6.2 Ac Unit Load - An ac unit load is defined as 9.35 pF, which 
IS related to the impedance that a bus element presents to a bus 
signal line (due to backplane wiring, PC etch runs, receiver input 
loading and driver output loading) . 



mam 
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Multiple backplar 



> Ac Loads Distribution 

Capacitance must be distributed as evenly as possible along 
the bus. Lumped capacitance along a transmission line will 
cause reflections and cause timing relationships to be 
violated. To insure tnat a bus will be glitch-free, some 
analysis should be done to insure the proper placement of 
devices on the bus. Cne such analysis program is PAULI which 
can be run by Field Service. 

Ac loads must also be distributed among the signal lines. 
That is no single signal line should have more then a 3 to 1 
difference in ac loads present on the bus to another signal 



3.2.7 Bus Terminators - Terminating Resistor Values 

Resistor values that meet the following ITievinin equivalent should t 



xinuo Q-Bus Skew 

s skew allowed for tne bus transmission 
riations, tne maximum Q-Bu3 skew is 75 ns. 
ximum difference in propagation delay frc 
the output of a receiver. 



mmn 
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3.2.9 Power Failure Control Signals 

3.2.9.1 Shorting Element - Signal line BPOK H and BDCOK H are 
generated by the power supply control logic. When these signals (or a 
bus signal) are negated, they should be shorted to logic reference, 
according to DEC STO 186. A power supply reference other than logic 
reference, or chassis (earth reference) should never be used. 

3.2.9.2 Glitch Rejection - Devices that monitor BPOK H to perform 
some operation should provide some type of glitch rejection upon 
receipt of BDCOK H. These devices should use a minimum of glitch 
rejection, as described in paragraph 3.2.5.9. 

3.3 Q-BUS IMPLatENTATIGN GUIDELINES 

Guidelines presented in this section provide Information for designing 
Q-Bus system from the electrical viewpoint. The information is 
derived from the specifications mentioned in subhead 3.2. 



i. 1 Backplanes 



3.3.1.2 Connection Points - In a single backplane system, there can 
tion points (receiver/driver pair, cable conductor or 
> any bus signal line. 

have up to 12 connection points In each 
Each backplane in a three backplane system can have .ip to 9 connection 



3.3.1.3 Backplane Capacitance - The maximim capacitance allowed per 
signal line per backplane should be 68 pF. Capacitance of any signal 
line should be reduced as low as possible to Increase signal 
Integrity. (All signal lines should be kept as short as possible.) 



SDSDBia 
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3^.3.2 Interconnect Cables 



3. 3. 2. 2 Signal Routing In Cables - To 1 

and crosstalk of a cable, the logic refi 
with signal lines. 



be used for backplane 



3. 3. 3 Allowable Bus Interfaces 
Below is a list of the ICs that c 



to drive and i 



Type No. [ 


Digital Part No. 


DCe03 1 


19-12730-03 


DC0a4 1 


19-12729-00 


DC005 1 


19-13040-00 


DC010 1 


19-14038-00 


DC021 i 


Not available 


3640 i 


19-11469-00 


3641 1 


19-11579-00 


8641-2 1 


19-14987-00 


8381 1 


19-09705-00 


2908 1 


19-15305-00 



Because the 3881 presents a variation to the allowable drivi 
specification, the following guidelines must be observed when tl 



mmm 
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3.3.3.2 - During a DMA request/grant (Figure 5), if the driver is used 
for RPLY then the ns minimun specified from the negation of RPLY to 
the negation of SACK must be changed to 10 ns min. 

3.3.3.3 - During a DATI or DATO (Figures 6 and 7), when the driver is 
used to drive SYNC, the relationship for the negation of SYNC to the 
assertion of the next SYNC should be changed from 200 ns min. to 210 
ns min. Also, if the driver is used fo drive RPLY, the specification 
for the negation of RPLY to the assertion of the next SYNC should be 
changed from 300 ns min. to 310 ns min. 

In addition, during a DATO, if the driver is used to drive DOUT, the 
relationship for the nagation of DOUT to the negation of SYNC must be 
changed from 175 ns min. to 185 ns min. and the relationship for the 
negation of DOUT to the release of the data lines or WTBT must be 
changed from 100 ns min. to 110 ns min. 

3.3.3.4 - For the EftTIO case (Figure 8), 
transfer must follow the same restrictlor 
paragraphs that describ<> DATO timing relationships. 

During the DATI portion of the transfer v*en the driver is used for 
RPLY, the relationship for the negation of RPLY to the assertion of 
DOUT must be changed from 200 ns min. to 210 ns min. 

3.3.3.5 -A DATBI transaction has the same changes as the DATI 
transaction and ip addition, when the driver Is used for RPLY, the 
relationship for the negation of RPLY to the assertion of DIN must be 
changed from 150 ns min. to 160 ns min. and the relationship of the 



3.3.3.6 -A DATBO transaction has the same changes as the DATO 
transaction and In addition, when the driver is used for RPLY, the 
relationship for the negation of RPLY to the assertion of DOUT must be 
changed from 150 ns min. to 160 ns min. and the relationship of the 
assertion of RPLY to the negation of DOUT, when the driver is used to 
drive DOUT, must be changed from 150 ns min. to 160 ns min. 

3.3.3.7 - During an Interrupt transaction (Figure 11) if RPLY is 
driven with that driver, the relationship for the negation of RPLY to 
the negation of the vector must be changed from ns min. to 10 ns 
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Allowable Terminating Resistors 



In a single backplane system for a maximum of 20 ac or dc loads, 
including backplane, the near end term nation need only be a 330-ohm 
pull-up (to +5 V) and 680-ohm resistor to logic reference. No far end 
termination is needed for or small systems. 



3.3.5 Variations 

Deviations from this standard will produce systems that are difficult, 
if not impossible, to support. Only drivers and receivers listed oi 
conforming to the specifications in this standard may be used on th« 
bus. Designers of new systems and options should strive towards th« 
specifications in this standard. 
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In general 


discussions vAere 


timing, polarity. 


and physical 




:e unimportant , tl 




e witlKjut any 


prefixes or 


suffixes is used. 


For example: 





SYNC, WTOT, B37, I»LL<17:0a> or the DAL lines 

Most signals on the backplane etch are a: 
referred to with a prefix character B, and a s 
For example: 

BSVNC L, BWTOT L, BBS7 L, BnAL<17:00> L 

BPOK H and BDCOK H are asserted high. 

Receivers and drivers are considered part of 
inputs to drivers are referred to with a pr 
for transmit. For example: 

TSYNC, TWTBT, ^37, TI»I.<17:00> 



RSTOC, WTCT, FiB37, RnAL<17:a0> 

Whenever timing is important, c and d above are used to reference 
timing to a receiver output or driver input. For example, after 
receipt of the negation of RDIN, the slave negates its TOPLY (0 ns 
minium, 8000 ns maximum). It must maintain data valid on its TCAL 
lines until ns minimim after negation of RDIN and must negate its 
TEAL lines 100 ns maximun after negation of its TOPLY. 



4.1 POWER UP/OOMN PROTCXTOL 
Refer to the Timing Diagram i 



4.1.1 Power Up 



Power supply logic negates BDCOK H during power up and asserts 
BDCOK H 3 ms minimtm after dc power is restored to voltages 
within specification. 
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The processor asserts BINIT L after 
and negates BINIT L nsec minimum 



BDCOK fi 

E^^wer supply logic negates BPOK H during power up and asserts 
BPOK H 73 ms minimum after the assertion of BDCOK H>. If 
power does not remain stable for 70 ms, BDCOK H will be 
negated, therefore, devices should suspend critical actions 
until BPOK H is asserted, "me assertion of BPOK H will cause 
a processor interrupt. 



: remain asserted for a min 



lain asserted 



I after the negat 



BDCOK H 






^^ 



Figure 4. Power-Up/Power-Down Timing 



4.1.2 Po««er Down 



If the ac voltage to a power supply drops below 75% of the 
nominal voltage for one full line cycle (15 - 24 ms), BPOK H 
is negated by the povter supply. Once BPOK H is negated the 
entire power down sequence must be completed. 

A device that requested bus mastership before the power 



:il BINIT L 



regular bus protocol Is followed) . 
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Processor software should execute a RESET Instruction 3 ms 
minipiun after the negation of BPOK H. This asserts BINIT L 
for from 8 to 20 us. Processor software executes a HALT 
instruction imnediately following the RESET instruction. 

BDCOK H must be negated a minimum of 4 ms after the negation 
of BPOK H. This 4 ms allov« mass storage and similar devices 
to protect themselves agair ' .. - 

during a power failure. 



( for a minimum of 5 i 
: remain negated for a minimun of 3 ms. 



1.1.3 Implementation Guidelir 



4.1.3.1 Memories - Memories must remain active during a 
sequence until the negation of BDCOK H. At that time, 
disable all read/write logic and reset all control logic. 



4.1.3.2 Bus Masters - In general, no bus device should au^empt to 
gain mastership of the bus during a power fail sequence. Ihere are 
exceptions to this rule when system control functions, such as CMA 
refresh over the bus, or power failure code is executed in 
to save some valuable data. 



4.1.3.3 Bus Devices - All non-memory bus devices must insure that all 
buffers, control and stitus registers, storage, sequential and state 
logic are initialized by the negation of BDCOK H. 

When appropriate, bus devices should reset mechanical devices to 
starting or safe positions and prepare status information within the 
first 1 millisecond after the negation of BPOK H for interrogation 
during power fail code execution. As stated in 4.1.2, mass storage 
and similar devices must protect themselves from erasure and erroneous 

During the negation of BDCOK H, all bus devices must insure that no 
bus signals are asserted. Devices may use BINIT L for initialization 
instead of BDCOK H. BINIT L is asserted by the processor whenever 
BDCOK H is negated. Refer to subheads 4.1.1 and 4.1.2. 
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i.1.4 Naximioi Timing Specification 

here maximum times are not specified, a designer should try to remain 
s close to minimums as reasonable to reduce the amount of time 
equired for the power up/down sequences. 



1. 2 INITIALIZATION 

rhe processor asserts the BINIT L signal under the following 
renditions: 

a. IXiring a Power Down sequence as described in subhead 4.1.2. 

o. During a Power Up sequence as described in subhead 4.1.1. 

c. During tlie execution of a RESET instruction for 8 to 20 

ODT for 8 to 20 



4.2.1 Implementation Guidelines 

All bus devices must initialize as described in subheads 4.1 and 4.2 
on receipt of the BINIT L signal. There are certain exceptions that 
may be required for system control. For example, in some systems it 
is required that a UART be able to gain control of the system, by 
assertion of the BHALT L line to force the system into ODT Mode, or by 
assertion of the BDCOK H line to force a simulated power up, (refer to 



ear of extraneous characters after the 
I be accomplished by an AND of BDCOK H 
negated and BINIT L. This kind of special initialization condition 
must be carefully defined in the engineering and programming 
specifications for the device. 

The intent of the BINIT L signal is to reset all devices on the bus to 
a state in which any bus device can be accessed by a controlling 
device. BINIT L is also intended to clear the bus. Good design 
dictates that certain operations in progress, such ai- the UART 
character transmission described above, should be comj-leted. 
Similarly, it may be that certain status bits such as Parity Error or 
Parity Error Enable should not be reset at all except by software. 

engineering and 
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Hardware Boot 



A hardware boot sequence can be accomplished by negatirvg BPOK H for 4 
ms minimum. At that point the power up/down protocol will be follo**ed 
as described in section 4.1. 

When BPOK K is negated the processor will be interrupted. The entire 
bus power up/down protocol must be followed. When BPOK H becomes 
asserted again, during power up, the processor proceeds to boot the 



4.3.2 Software Boot 

Under software control, the system can begin executing instructions at 
the starting address of the boot ROM (i.e. Jump instruction). BDCOK H 
is never negated and RESET INIT L is only asserted if the boot prooram 
performs the instruction. 



4.4 DfLlfi AMD AIXRESS STRUCTURE OVERVIEW 

The DAL lines and control signals are the physical means of 
implementation of the bus architecture. Ihere are 18 bussed DAL 
lines, DAL<17:00>, in the Q-Bus, and 22 bussed DAL lines, nAL<21:00>, 
in the Q22-Bus. The control signals are the same on both. 



4.4.1 Data Structure 

>rised of high 

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00 
I I I I I I I I I I I I I I I I I 

|< HIGH BYTE >|< LOW BCTE >l 

During the portion of the data transfer bus cycles in which data is 
being placed on the bus by the slave for the bus master, bit 17 may be 
asserted to inform the bus master that parity error detection logic on 
the bus master should be enabled. Bit 16 may be asserted to indicated 
that a parity error has occurred whenever one does occur. 
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1.2 Address Structure 



17-Sep-81 
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itly used during the data oi 
ierted. 


It portion of the 


ntly used during the data i 


n portion of the 



Ch the Q22-BUS, devices are addressed by the BDAL lines and by the 
signal BBS7. The signal BSYNC is used as a reference to indicate that 
BnAL<21:a0> and BBS7 have valid address information and that BWTBT 
contains valid control information. 

The Q22-BUS supports systems with 16-, 18-, and 22-bIt physical 
address space. In each instance, the top 4KW (8KB) of physical 
address space is designated as the I/O page address area. Ihe 
processor and all other master devices assert BBS? Wien referencing 
the I/O page. Note that the old Q-Bus supports 16- and 18-bit 
physical address spaces only. 

I/O page devices respond to their device addresses, on BCAL<12:00>, 
if, and only if, BBS? is asserted. Memory locations not in the I/O 
page respond to their addresses on BEAL<21:00> if, and only if, BBS? 

Ihe 16-bit physical address space covers addresses from 000000 to 
177777. The 16-bit I/O page is located from 160000 to 177777 for 
systems v*iich support up to 28KW of memory. 



For all systems, virtual addresses 000 thru 376 are reserved for trap 
and interrupt vector addresses. In some larger systems virtual 
addresses 400 thru 776 are also reserved for interrupt vector 
addresses. Depending on how memory management is set up, the actual 
physical addresses may or may not coincide with their corresponding 
virtual addresses. 

The one exception to the above rules involves special 16-bit systems 
which contain 30KW of memory. These systems support a reduced 2KW I/O 
page. Refer to subhead 4.4.5. 
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J. 3 Definition Of The I/O Page 



The Q-Bus has an 8 Kbyte address space designated as the I/O page 
which is accessed by assertion of BBS7 and by an address on 
BDAL<12:S0>. The first 8 bytes of this space are reserved as 
non-existent for purposes of diagnostic testing. Bus masters can 
access the I/O page only by asserting B8S7. 

A 16-bit processor, or a processor with memory management disabled, 
asserted BBS7 for addresses 160000 through 177777. A processor with 
18-bit memory management enabled asserts BBS7 for addresses 760000 
thru 777777. A processor with 22-bit memory management enabled 
asserts BBS7 for addresses 17760000 through 17777777. 

A OMA bus master should automatically assert BBS7 wheneve 
generates an address in the top 8 Kbytes of its address space 
Depending on whether the device supports 16-, 18-, or 22-bi( 
addressing, it asserts BBS7 for address ranges 160000 through 177777, 
760000 through 777777, or 17760000 through 17777777. Note that 

although it is not mandatory that a DMA device have the ability to 
access the I/O page, access to the initial I/O page location(s) is 
used by diagnostics for testing the device logic that detects 



Definition of Memory Address Space 



)n of RBS7 and 
1 RQAL lines. 

The 16--bit memory address space includes addresses 000000 through 
157777 for systems that support up to 28KW of memory. The 18-bit 
memory address space covers addresses 000000 through 757777. The 
22-bit memory address space covers addresses 00000000 through 

17757777. 

For special 16-bit systems which support 30KW of memory, the 
additional memory in address space 160000 through 167777 responds even 
v^en BBS7 is asserted. Refer to subhead 4.4.5. 
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4.4.5. Special 16-bit Systems with 30 KW Memory 

Early Q-Biis CPU's, memories, and DMA devices were designed to support 
special 16-bit systems with 30 KW memory. 16-bit/30 KW systems allow 
a CPU without memory management to reduce the I/O page to 2 KW and 
thus increase the memory size. In these systems, each memory location 
between addresses 160000 and 167777 must respond to its address even 
if BBS7 is asserted. Also, all I/O page devices must be assigned 
device addresses at 170008 or above. 

1 existing 16-bit/30 KW systems must 

A CPU module or EMA device supports 16-bit/30 KW systems only 
if, when running in 16-bit mode, it generates the correct 
le-bit address on BEAL<21:16>. This means that BOAL<21:16> 
must remain unasserted even when BBS7 is asserted. For 
exmple, 160000 must not be converted to 760000 or 17760000. 

Q-Bus memory modules are designed to access memory only if 
BBS7 is negated. A memory module supports 16-bit/30 KW 
systems only if it contains an option juniper that allows 
memory addresses 160000 through 167777 to respond even when 
BBS7 is asserted. 



4.4.e Interrupt Structure 

Any bus device may assert one of the four interrupt request lines 
IRQ4, IRQ5, IRQ6, IRQ7 at any time during normal power. The interrupt 
fielding processor must be bus master and designed to service 
interrupts on a given line in order for service to be initiated. The 
processor asserts the Data In signal, DIN, and then an Interrupt 
Acknowedge signal. lACKO. There is an interrupt priority scheme that 
is described in subhead 4.5.4.2. 

The interrupt requesting device with the highest priority asserts its 
TRPLY and then places a number called its vector on TD^L<08-.02> with 
BDAL<21:9> and BDAL<01:00> equal to zero. It is important to note 
that the DAL lines are being used to transfer information during this 
asynchronous interrupt event. Conflicting use of the t»L lines by bus 
masters can only be avoided by adherence to the requirements for 
gaining bus mastership and initiating and terminating bus cycles 
outlined in the following sections. The vector is the address of a 
location in low memory that contains the starting address of a routine 
to accomplish what the interrupting device wants accomplished. The 
word location following the vector location contains a new value for 
the processor status word (PSW) . 



mmm 



DEC STD 168, Section 



4.5 BUS MASTERSHIP PROTOCOL 

The controlling processor 
containing the appropriat< 
data transfers over the t 
three phases: 

a. Bus mastership acquisition protocol. 

b. Data transfer protocol. 

c. Bus mastership relinquish protocol. 



3 the default bus master. Any bus device 

ircuitry may become bus master and control 

- — • can be divided into 



3 Mastership Acquisition and Relinguish 



e requests control of the bus by 

The Bus Arbitration logic the processor asserts TDMGO nsec 
minimin; after RQMR asserts and ns minimum after RSACK 
negates (if a CMA device was previous Bus Master). 

The DMA Bus Master device asserts TSACK ns minimun after the 
assertion of REMGI ; ns minimum after the negation of RSYNC; 
and ans minimira after the negation of RRPLY. 



The Bus Arbitration logic clears TDMGO ns minimum after the 
assertion of TSACK. The bus arbitration logic must also 
negate TDMGO if REMR negates or if RSACK fails to assert 
within 10 us ("No SACK" timeout) . 



minimum after negatic 



The EMA Bus Master negates TSTOC 300 



iximum after 
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DMA Request/Grant Timing 



4.5.2 Data Transf 


r Protocol 










The seven types of 


data transfer b 


us 


cycles 


re listed in l&ble 3. 




Table 


3. Sutmary of 


Data Transfer Bus Cycles 


Bus Cycle 


Description 


Function With Respect 
to Bus (taster 


DATI 


Data 


word input 






Read 


word 


DATC 


Data 


word output 






writ 


v«,rd 


DATOB 


Data 


byte output 






writ 


byte 


DATIO 


Data 


word input/output 




Read 
word 


word, modify, write 


DATIOB 


Data 


word input/byte 


output 


Read 
byte 


word, modify, write 


DATS! 


Data 


block input 






Read 


block 


DAT80 


Data 


block output 






Writ 


block 
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These bus cycles, transfer 16-bit words or 8-bit bytes to or from 
slave devices. In block mode, multiple words may be transferred to 
sequential word addresses starting frcm a single bus address. In byte 
output operations, the data to be written in the destination byte is 
valid on the appropriate DAL lines. 



4.5.2.1 Address Portion Of The Cycl. 



TADDR, TOS7, and TWTBT o 



The Bus Master asserts TSYNC 150 ns minimum after it gates 
TADDR, TBS7, and TWTBT onto the Bus; 300 ns minimum after the 
negation of RRPLY; 250 ns minimum after the negation of RSYNC 
(if another device had asserted BSTOC) ; and 200 ns after the 
negation of TSYNC (if the current Bus Master had asserted 
BSYNC) . 



Allowing for 75 ns bus skew, this timing provides all slave devices 
with 75 ns set up and 25 ns hold times minimum with respect to the 
rising edge of RSYMC. This allows slaves to compare the address on 
the bus with their address, and assert an internal device selected 
signal if a match exists. 

If more than one data transfer is performed (without the use of block 
mode) while the device is bus master, the address portion of the cycle 
must be repeated for each transfer. TSACK must remain asserted, while 
TSYNC is negated a minimum of ns after the negation of RRPLY, and 
then asserted again (for the next data transfer) a minimun of 200 ns 
after the negation of the last TSYNC and/or a minimum of 300 ns after 
the negation of RRPLY. TSACK is negated with the same restrictions as 
with one data transfer, after the last data transfer has been 
performed. 

Note 

In order for systems engineers to 
properly design and evaluate system 
performance, specifications for DMA 
devices must specify the fol'owing: 



of transfers per acquisitior 
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Block Mode bus masters that do monitor RDMR may, if RDMR 
is not asserted after the seventh transfer, continue tntil 
the bLS slave fails tc assert BREF (16 transfers maximum). 
Otherwise, they stop after eight transfers. 



D delay from bus acquisition to bus relinquish. 

d. The minimum delay from bus relinquish unt'.l next request. 

e. The maximun tolerable DMA latency. 

1. 5. 2. 2 Data Transfer Portion Of The Bus Cycle - The data transfer 
xirtion varies sliahtlv for each type of data transfer. Details for 
! provided in the following subheads 



1.5.2.2.1 DAT! E 



Timing for the address portion of cycle is given in subhead 
4.5.3. The Bus Master gates the negation o£ TOTBT along with 
the assertion of TADOR onto the bus. 

minimum after asserting 



the Bus Slave gates TDATA or 
assertion of RDIN and 125 r 
TRPLY. 

The BUS master receives stable RDATA from 200 ns maximum after 
the assertion of RRPLY until 20 ns minimum after the negation 
of TDIN. (The 20 ns minimum represents total minimum receiver 
delays for RDIN at the slave and RDATA at the Master.) 
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after the negation of 



9. Ihe Bus Master negates TSYNC 250 nsec minimum after the 
assertion of RRPLY and ns miniaun after the ncigation of 
RRPLY. 
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Figure 6. DATI Bus Cycle Timing 
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2.1 DATO ana DATOB Bus Cycles - 

Timing for the address portion of tl 
subhead 4.5.3. The Bus Master gates I 
along with the assertion of TADDR onto 1 

The slave devic 

The Bus Master gates TDATA and TVITEiT onto the Bus 100 ns 
minimum after TSYNC. TWTBT is negated for DATO Cycles and 
asserted for DATCB Cycles. 

The Bus Master asserts TDOUT 100 ns minimun after gating TDATA 

The Bus Slave receives stable ROATA and RWTBT from 25 ns 
minimum before the assertion of RCOOT until 25 ns minimum 
after the negation of RDOUT. 



TDOUT 150 1 



Itie Bus Slave negates TOPLY ns minimum after the negation of 
RDOUT. 

The Bus Master negates TSYNC 175 ns minimum after negating 
TDOUT, ns minimuni after remo-zing TDATA and TVITBT from the 
Bus, and ns minimum after the negation of RRPLY. 

This completes the DATO cycle. 

DrtL<16> asserted during this data transfer will force a parity error 
simulation in some slave devices that have parity detection and error 
reporting logic. 
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Figure 7. EATO or DATOB Bus Cycle Timing 
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1.5.2.2.3 DATIO a 



Timing for the first portion of the DATIO and DATIOB Bus 
Cycles is the same as that given for the DATI Cycle in section 
4.5.4.1 (timing relationships 1-8). 

The Bus Master gates TDATA and TWTBT onto the Bus ns minimum 
after latching the incoming data. TWTBT is negated for DATIO 
Cycles and asserted for IiATIOB Cycles. 



4. Timing for the last portion of the DATIO and DATIOB Bus Cycles 
is the same as that given for the DATO and DATOB Cycles (in 
section 4.5.4.2 (timing relationships 4-9). 

TADDR<0a> asserted indicates that the valid data during the DATOB data 
out portion of the transfer will be in the high byte DAL<15:08>. 
TADDR<00> negated during address time implies valid data on 
DAL<07:a0>. DAL<16> may be used in both cases to force an error 



4.5.2.2.4 DATBI Bus Cycles - 

1. Timing for the address portion of the cycle is given in 4.5.3. 
The Bus Master gates the negation of TOTBT along with the 
assertion of TAIX5R onto the bus. 

first TDIN 100 ns minimum after 

The Bus Master asserts TBS7 50 ns maximum afttr asserting TDIN 
for the first time. TBS7 remains asserted until 50 ns maximum 
after the assertion of TDIN for the last time. In each case, 
TBS7 can be asserted or negated as soon as the conditions for 
asserting TDIN are met. 

Note 

The Bus Master must limit itself to not 
more than eight transfers unless it 
monitors RDMR. If it monitors RDMR, it 
may continue with blocks of eight so long 
as RDMR is not asserted at the end of 
each seventh transfer. 
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Figure 8. DATIO Bus Cycle Timing 
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The Bus Slave asserts TRPLy ns minimm (8000 ns maximiai to 
avoid Bus Timeout) after the assertion of RDIN. The Bus Slave 
asserts TREF concurrent with TRPLY if, and only if, it is a 
block mode device which can support another ROIN after the 
: RDIN. 



■nie Bus Slave gates TDATA onto t 
assertion of RDIN and 125 ms m. 
TRPLY. 



The Bus Master receives stable RDATA from 200 ns maximut 
the assertion of RRPLY until 20 ns minimum after the n< 
of RDIN. (The 20 ns minimun represents total minimun r( 
delays for RDIN e.t the slave and RDftTA at the Master.) 



8. The Bus Slave negates TRPLY n 



If RBS7 and TREF are both asserted when TRPLY negates, the Bus 
Slave prepares for another RDIN cycle. RBS7 is stable from 
125 nsec after RDIN asserts until 150 ns after TRPLY negates. 

If RBS7 and TREF are not both asserted when TRPLY negates, the 
Bus Slave removes TDATA from fie Bus ns minimun and 100 ns 
maximum after negating TRPLY. 

If RREF and TBS7 were both asserted when TDIN negated (above, 
timing relationship 7) , the Bus Master asserts TDIN 150 ns 
minimum after RRPLY negates and continues with timing 
relationship 3 above. RREF is stable from 75 nsec after RRPLY 
asserts until 20 ns minimm after TDIN negates. (The 20 ns 
minimun represents total minimun receiver delays for RDIN at 
the slave and RREF at the Master.) 

If RREF and TBS7 were not both asserted when TDIN negated 
(above, timing relationship 7), the Bus Master negater TSYNC 
250 ns minimun after the assertion of the last RRPLY B and 
ns minimun after the negation of that last RRPLY. 



DEC STD 160, Section 



SIGNALS AT BUS MASTER 
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address to T SYNC 150ns MIN. 

address hold 100ns min 

T SYNC to TDIN 100ns mill 

T DIN to R RPLY 

T (drive) + T (prop) + T (receive! + T (delay) 
+ T (drive) + T (prop) + T (receive) 

R RPLY to dau 200ns max 

R RPLY to TDIN 200ns min 

TDIN to R 
T (drive) + ( 
+ T (drive + T (prop) + T (receive) 

R RPLY to data 0ns rnin 

R RPLY to TDIN 150ns min 

t4 + t6 + t7 + t9 -since t6 must t 

to have valid d 

Figure 9. DATBI Bus Cycle Timing 
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4.5.2.2.5 DATBO Bus Cycles - 



Timing for the address portion of the cycle is given in 4.5.3. 
The Bus Master gates the assertion of the TWTBT along with the 
assertion of TADDR onto the bus. 



TiXXJT 100 ns minimum after gating TDATA 
onto the Dus . 

The Bus Slave receives stable 
minimum before the assertion c 
after the negation of RDOUT. 

The Bus Slave asserts TRPLY ns minimum after the assertion 
of RDOUT. The Bus Slave asserts TREF concurrent with TRPLY 
if, and only if, it is a block mode device which can support 
another RDOUT after the current RDOUT. 

The Bus Master negates TDOUT 150 ns minimum after the 
assertion of RRPLY. 

If RREF was asserted when RDOUT negated and the Bus Master 
wants to transmit more data in this Block Mode Cycle, then the 
Bus Master gati.-s the new TDATA onto the Bus 100 ns minimum 
after negating TDOUT. RREF is stable from 75 ns maximun after 
RRPLY asserts until 20 ns minimum after RDIN negates. (The 20 
- • - ' ■ ■ • r delays for RDIN at the 



The Bus Master must limit itself to not 
more than eight transfers unless it 
monitors RDMR. If it monitors RDMR, it 
may perform up to 16 transfers as long as 
RDMR is not asserted at the end of the 



If RREF was not asserted when TDOUT was negated or 
Master does not Want to transmit more data in this 
Cycle, then the Bus Master removes TDATA from the 
minimum after negating TDOUT. 

The Bus Slave negates TRPLY ns minimum after the i 



The Bus Master asserts TDOUT 100 ns minimum after gating r 
TDATA onto the Bus and 150 ns minimun after RRPLY negate 
The cycle continues with the timing relationship in 4 above. 
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SIGNAL AT BUS MASTER 
T BS7 
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h-°°i 



data to T DOUT 



100ns min 
100ns min 



T DOUT to R RPLY 

T (drive) + T (prop) + T (receive) + T (delay) 

+ T (drive) + T (prop) + T (receive) 

R RPLY to T DOUT IBOnsmin 

T DOUT to R RPLY 

T (drive) + T (prop) + T (receive) + T (calay) 
+ T (drive) + T (prop) + T (receive) 

R RPLY to T DOUT 150ns min 

t3 + t4 + t5 + t6 + t7 -since t3 < t7 

Figure IB. DATBO Bus Cycie Timing 
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4.5.3 Refresh Protocol 

Dynamic random access menories require refresh at some interval . Data 
is stored in the form of a charged capacitance within each memory 
cell. The charge leaks off and must be restored periodically in what 
is called a refresh cycle. The Q-Bus provides a protocol for 
refreshing dynamic memory modules which do rot contain on-board 
refresh circuitry. 

When a refresh cycle is called for, the bus master performing the 
refresh asserts its TREF line a minimum of 200 ns before asserting 
TSYNC for the first refresh cycle. 



One field of the bus address (for example, DAL< 6:1>) corresponds to 
the row address. Another field (for example, DAL<12:7>) corresponds 
to the column, and another (for example, DAL<21:13>) to the banlc. 

When a memory module receives its RREF signal, it enables all its 
banks regardless of which bank is selected in the following address. 
It also disables its outputs. As each row is addressed, all cells on 
that row in all cnips are refreshed by a process of reading the charge 
on the capacitor, amplifying it to a solid 1 or 3, then recharging the 
capacitor to that value. 

The bus cycle involved is the standard DATI cycle, except that the bus 
master need only put the row address to be refreshed on the 
co;:responding OAL lines at address time. Itie memory does not put data 
on the BDAL L lines during data time and the bus master does not input 
data from its RDAL lines. 

The bus master may keep its TREF signal asserted throughout 64 (or 
whatever number of rows there are) continuous DATI/REF refresh cycles, 
or may do some smaller number of contiguous refresh cycles, negate 
TREF with the same timing as negation of TCIN, end the DATI/REF cycle 
normally, and later do some more. 

Most dynamic memory cells require refresh once every 2 milliseconds. 
Approximately 130 microseconds are required to perform 64 contiguous 
refresh cycles, assuming the memory does not hold up RPLY or one 
refresh cycle every 30 microseconds will refresh 64 rows in 2 
milliseconds. Cnly one memory module in the system should assert B 
RPLY L, during refresh, as selected by jumper during system 
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4.5.4 Interrupt 

The LSI-11 Bus provides a protocol by which devices on the bus can 
temporarily suspend (interrupt) the execution of programs by the 
interrupt fielding processor. A device may require service for a 
variety of reasons, such as device ready, operation done or detection 
of some error condition. 

Interrupt operations can also originate from within the processor. 
These interrupts are called traps and have priority levels determined 
by the processor design. Traps are caused by programming errors, 
special instructions and maintenance features. 

Most external interrupting devices contain an addressable control and 
status register (CSR) which may contain a bit to enable/disable 
interrupts from the device. When conditions are right for a device to 
interrupt the processor, it does so by asserting one or more of the 
interrupt request lines IRQ4, IRQ5, IRQ6, IRQ7 according to protocol 
explained in the following paragraphs. The interrupt fielding 
processor frequently checks these lines for interrupts, generally 
after each fetch/ execute cycle. 

The processor generally also has a status register called the 
Processor Status Word (PSW) . Three bits (generally bits 7:5) in this 
word can be be programmed to a number from to 7. Oily interrupts on 
a level higher than the number in this field of the PSW will be 
serviced by the processor. Thus, the processor can lock out external 
interrupts by writing a 7 in this field (346 in the PSW) . 



1 Interrupt Service Cycle - 

The processor, as Bus Master, begins the interrupt service 
cycle by asserting TDIN. Stote that TSYNC is not asserted 
during this cycle. 

Ch the leading edge of RDIN. each bus option capable of 
requestikig interrupts decides whether to accept or to pass on 
the RIAKI signal if it's received later in the cycle. That 
decision must be clocked into logic which settles within 150 
ns maximum. 
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The Processor asserts TIAKO ;225 ns minimum after the assertion 
of TDIN. This assures that the reception of RIAKI will not 
happen untill 150 us minimum after the assertion of RDIN at 

The measure of interrupt latency is the time from assertion of 
IRQ until lACK is accepted by the interrupting device. A more 
comprehensive measure is the time from assertion of IRQ until 
completion of execution of the service routine, since 
interrupts can be nested. 

Each Bus Option which receives the assertion of RIAKI either 
accepts it and becomes Bus Slave or passes it on to the next 
Bus option as Tl^KO. Traditionally, the propagation time from 
3IAKI to BIAKO has been spec'd at 500 ns maximtni, but 55 nsec 

The Bus Slave negates IRQ and asserts TRPLY ns minimum after 
the assertion of RIAKI. Note that the Bus Slave must assert 
TRPLY 8000 ns raaximun after ROIM to avoid a Bus Timeout. 



: of a pair of addresses and 
to addresses between and 
1 TEAL<08:02> are involved and no others should 



7. The Processor receives stable RVECT from 200 ns maximim after 
the assertion of RRPLY until 20 ns minimum after the negation 
of TIAKI. The 20 ns minimun represents the minimum receiver 
delays for RIAKI at the slave and RVECT at the master. 

8. ■nie Processor negates TDIi and TIAKO 200 ns minimum after the 
assf.rtion of RRPLY. 

9. The Bus Slave negates TRPLY ns minimum after the negation of 
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4.5.4.2 Interrupt Priority Scheme - Devices decide whether or not to 
accept service on the rising edge of RDIN. Devices that monitor 
higher priority request lines must delay those lines by 60 ns (50 ns 
worst case bus skew plus 10 ns margin) to avoid the case where no 
device accepts service because a high-priority device posted a request 
just as or after it receives its RDIN and because of bus skews, the 
lower priority device receives the high-priority request line before 
it receives its RDIN. 

Some systems are designed using devices that only assert IRQ4. In 
such systems priority is determined solely on the basis of position 
along the daisy chain which is the lACK signal. The closer to the 
processor, the higher the priority. If the RIACKI signal arrives and 
the device has an interrupt pending, it accepts the service and 
proceeds with the protocol. If the device does not have an interrupt 
pending, it passes the lACK to the next device on the chain by 
asserting its TIACKO within 500 ns maximum. 



Interrupt Level 



Lines Asserted 



Lines Monitored 



TIRQ4 
I TIRQ4, TIRQ5 
I TIHQ4, TIRQ6 
I TIRQ4, TIRQ6, TIRQ7 



RIRQ5, RiaQ6 

RIRQ6 

RIRQ7 



This second scheme provides the maximum flexibility. Systems can be 
constructed us'ng processors that only monitor level 4 interrupts or 
interrupts on all four levels. In addition, devices that only assert 
IRQ4 and do not monitor request lines can be used with devices that 
monitor higher priority request lines, as long as they are placed 
after them In the daisy chain. 
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Figure 11. Interrupt Transaction Tloing 



4.5.5 EVENT and BPOK Protocol 

One special class of interrupt on the LSI-11 Bus is incurred when the 
BEVENT L signal is asserted or the BPOK H signal is negated. These 
are asynchronous interrupts to the processor to which the processor 
assigns priority levels. The processor assunes that only one device 
in the system will assert these bus signal lines. It therefore does 
not go through the protocol for reading in the interrupt vector. It 
assigns location 100 as the vector address for EVENT and 24 for power 
fail and proceeds as usual to handle the interrupt. 



4.5.6 HALT PROTOCOL 

Assertion of the BHALT L line can be considered an interrupt to the 
processor. However, no interrupt vector is involved. The processor 
Imply proceeds to its halt state as described in the processor 
The processor does not assert the BHALT L bus line when it 
i programmed HALT. 
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5 EMVIRONMPITAL REQUIREMEMTS 

The Q-Bus, including all drivers, receivers, terminators, cables and 
power supplies must operate as specified over the worst case ranges 
(i.e.. Class C) for devices enclosed in a box that is enclosed in a 
t as specified in the following Digital Standards: 

DEC STD 102 



Environmental 


Standard For Computers and 


Peripherals 




Electromagnet 


ic Compatibility (EMC) 



Hardware Design Requi 
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FUMCTIOMAt DESCWIPTIONS OP BUS SIGMALS 



Bus 
Pin 


Signal 
Mnewinic 


Signal Function 


AAl 


aiRQ5 L 


Intel. I ..pt Request priority level 5 


ABl 


BIRQ6 I. 


Interrupt Request priority level 6 


ACl 


BDAL16 L 


Add'ess line 16 during addressing protocol; 
parity control line during data transfer protocol. 


ADl 


BDAL17 L 


Address line 17 during addressing protocol; parity 
control line during data transfer protocol. 




SSPAREl 
alter- 
nate *^S 


Special spare — not assigned or bussed in Digital 
cable or backplane assemblies; available for user 
connection. Optionally, this pin may be used for 
+5 V battery (+5B) backup power to keep critical 
circuits alive during power failures. A jimper 
is required on LSI-11 Bus options to open 
(disconnect) the +5B circuit in systems that use 
this line as SSPAREl. 


AFl 


SSPARE2 
SRUN 


Special spare — not assigned or bussed in Digital 
cable or backplane assemblies? available for user 
interconnection. In the highest priority device 
slot, the processor may >jse this pin for a signal 
to indicate its RUN state. 
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FimCTIONAL DESCRIPTiaiS OF B 



i SIGtUOS (Cont'd) 



BUS 
Pin 


Signal 


Signal Function 


AHl 


SSPARE3 


Special spare — not assigned nor bussed in Digital 
cable or backplane asseirtlies; available for 
user interconnection. 


AJl 


GND 


Ground — Systenj signal and dc return. 


AKl 
ALl 


MSPAREA 
MSPAREB 


Maintenance Spare — Normally connected together 
on the backplane at each option location (not a 
slot-to-slot bussed connection) . 


AMI 


GND 


Ground—System signal and dc return. 


ANl 


BDMRL 


Direct Memory Access (DMA) Request — device asserts 
this signal to request bus mastership. 


API 


SHALT L 


Processor Halt— Wien BHALT L is asserted, the 
processor responds by going into its halt state 
(generally console ODT mode.) 


ARl 


BREF L 


Memory refresh — used during refresh protocol to 
override meoory bank selection decoding and cause all 
banks to be selected. 

Asserted or negated with BRPLY L by Block Mode Slave 
Devices to Indicate to the Bus Master if the slave 
can accept another Block Mode DIN or DOUT transfer. 


ASl 


+5B or 

+12B 

battery 


+12 or +5 V dc battery backup power to keep critical 
circuits alive during power failures. Thi? signal 
is not bussed to BSl in all Digital backplanes. A 
jumper is required on all LSI-11 Bus options to open 
(disconnect) the backup circuit from the bus in 
systems that use this line at the alternate voltage. 


ATI 


GND 


Ground—Systems signal and dc return. 


AUl 


PSPAREl 


Power spare 1 (not assigned a function; not 

(on pin BSZ) and a module is accidentally inserted 
upsidedown in the backplane, -12 V dc appears on pin 
AUl. If AUl is unused on the module, no damage will 
occur. 


AVI 


+5B 


+5 V Battery Backup Power — to keep critical circuits 
alive during power failures. 
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FUMCTICiMAL DESCRIFTIOMS OP BUS SIGMALS (Cont'd) 



Pin 


Signal 


Signal Function 


BAl 


BDCOK H 


DC Power OK— Power supply generated signal that Is 
asserted when there Is sufficient dc voltage available 
to sustain reliable system operation. Part of Power up 
and Power down protocol and Boot protocol. 


BBl 


BPOK H 


primary power is normal. VAicn negated during 

processor operation, a power fail tr&.) sequence 

is initiated. Part of Power up and Power down protocol 


BCl 


SSPARE 4 
BDM. 18L 


Special spares <7:4> in older (per 122-6us) LSI-11 Bus 
Systems, ^tot assigned nor bussed in Non 322-Bus cable 
and backp'^ne assemblies. 


BDl 


SSPARE 5 
aOAL 19L 


Address Lines <21:18> Bussed in Q22-Bus Backplane and 
Cable assemblies. 


BEl 


SSPARE 6 
BDAL 20L 

SSPARE 7 
BDAL 21L 


CMinCM: These pins may have been used as test points 
in some Digital or customer options. These 
options must be modified or designated 
incompatible with Q22-Bus backplanes. 


BHl 


SSPARE 8 


Special Spare - Not assigned nor bussed in Digital 
cable or backplane assemblies available for user 
interconnection. 


BJl 


GND 


Ground — System signal and dc return. 


BKl 
BLl 


MSPAREB 
HSPAREB 


Maintenance Spares — Normally connected together 

on the backplane at each option location (not a slot 

to slot bussed connection) . 


BMl 


GND 


Ground — System signal and dc return. 


BNl 


BSACK L 


This signal is asserted by a DMA device in reponse 
to the processor's BDMGO L signal, indicating that 
the DMA device is accepting bus mastership. Device 
remains bus master until it negates BSACK L. 


BPl 


BIHQ 7 L 


Interrupt request priority level 7. 
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FUNCTIOMAL DESCRIPTICMS OF BUS SIGNALS (Cont'd) 



Bus 
Pin 


Signal 
:<to«aonic 


Signal Function 


BRl 


BEVNT L 


■ 
External Event Interrupt Request — ^The processor 
latches the leading edge and arbitrates as an 
interrupt. A typical use of this signal is a 
line time clock interrupt. 


BSl 


+ 12B 


+12 V dc battery backup power (not bussed to ASl in 
all Digital backplanes) 


BTl 


GND 


Ground— system signal and dc return. 


BUI 


PSPARE2 


Power spare 2 (not assigned a function, not 

(on pin AB2) and a module is accidently inserted 
upsidedowi in the backplane, -12 Vdc appears 

damage will occur. 


BVl 


+5 


+5 V power— Normal +5 V dc system power 


AA2 


+s 


+5 V power— Normal +5 V dc system power 


AB2 


-12 


-12 V Power 12 V dc (optional) power for devices 

requiring this voltcige. 


AC 2 


GND 


Ground—System signal and dc return. 


AD2 


+12 


+12 V Power — Normal +12 V dc system power 






Data Output— BDOUT, when asserted, implies that 
valid data is available on BDAL <15:e> I. and that 
an output transfer, with respect to the bus master 
device, is taking place. BDOUT L is de-skewad with 
respect to data on the bus. 


AF2 




Reply — BRPLY L is asserted in reponse to BDIN L 
or BDOUT L and during lAK transaction. It is 
generated by a slave device to indicate that it will 
place its' data on the BDAL bus or that it will 
accept data from the bus, according to the appropriate 
protocol. 
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PUNCTIOMAL DESCRIPTIOMS OF BUS SIGMALS (Cont'd) 



Signal Function 



s used for two types of t 



1. When asserted during BSYNC L time, BDIN L implies 
an input transfer with respect to the current bus 
master and requires a response (BRPLV L) from the 
addressed slave. 

2. The interrupt fielding processor initiates 
interrupt service by asserting TDIN L followed 
by TIACK L. 

Synchronize — BSYNC L is asserted by the bus master 
device to indicate that it has placed an address on 
the bus. The transfer is in process until BSYNC L is 
negated. In blocic mode BSYNC L remains asserted until 
the last transfer cycle is completed. 



n two ways to control a 

address portion of a 
output cycle is to foil 
er than an input cycle. 



Write/Byte — BWraT L is used 

1. It is asserted during th< 
cycle to indicate that ai 
(DATO, DATOB, DATOO) rati 

2. It is asserted during the Data portion of a DATOB 
or DATIOB bus cycle, to indicate a byte rather tha 
a ward transfer is to take place. 

Interrupt request priority level 4. 

rknowledge — In accordance with interrupt 
protocol, the processor asserts BIAKO L to 
icknowledge an interrupt. The bus transmits this 
o BIAKI L of the next priority device {electrically 
losest to the processor) . 'Hils device accepts the 
Interrupt Acknowledge under two conditions: 

: bus by asserting an 



BDIN L assert 
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FUMCTIONAL DESCRIPTIONS OP B 



i SIGNALS (Cont'd) 



BDAL0 L{ 
BDALl L 



Signal Function 

If both of these conditions ace not net, the device 
asserts BIAKO L to the next device on the bus. This 
process continues in a daisy-chain fashion until the 
device with the highest interrupt priority receives t 



Bank 7 select— When the Bus Master asserts TADDR, it 
assert this signal to reference the I/O page (including 
that portion of the I/O page reserved for nonexistent 
inemory). The address on BCAL <12:0> L when BBS7 L is 
asserted is the address within the I/O page. During 
OATOI Transfers, the Bus Master asserts this signal with 
the first data transfer until the last transfer to 
indicate to the Block Mode slave that there will be 
subsequent transfers. 

Direct oeotory access grant — The bus arbitrator asserts 
this signal to grant bus mastership to a requesting 
device, according to bus mastership protocol. The 
signal is passed Ir. a daisy-ch,»in from the arbitrator 
(as BDMGO L) through the bus to BDMCI L of the next 
priority device (electrically closest device on the 
bus). This device accepts the grant only if it 
requested to be bus master (by assertion BOMR L) . 
If not, the device passes the grant (asserts BOMGO L) 
to the next device on the bus. This process continues 
until the requesting device acknowledges the grant by 
asserting BSACK L after BRPLY L and BSYNC L are both 



signal is used for 



Initialij 

state; i.e., registers are reset t 
drivers are diabled and logic is r 
ready to be addressed for operatic 
should be completely docunented in 
engineering specifications for the 



All 
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FUMCTIONAL DESCRIPTIONS OF BUS SIGNALS (Cont'd) 



Bus 
Pin 


Signal 
HnoBonic 


Signal Function 


882 


-12 




-12 V dc po« 
LSI-11 or Fll 


(optional, not required £ 
hardware options) . 




BC2 


GND 




Power supply 


eturn. 




3D2 


+ 12 




+12 V dc powe 






BE2 


BDAL2 




Data/address 


ire 32 






BF2 


BDAL3 




Data/address 


ine 33 






BH2 


BDAL4 




Data/address 


ine 34 






BJ2 


B1»X5 




Data/address 


ine 3 5 






BK2 


BDAL6 




Data/address 


ine 36 






BL2 


BDAL7 




Data/address 


ine 37 






BM2 


BDAL8 




Data/address 


ine 38 






BN2 


BDAL9 




Data/address 


ine 39 






BP2 


BDALla 




Data/address 


ine 13 






BR2 


BDALll 




Data/ address 


ine 11 






BS2 


BDA(,12 




Data/address 


ine 12 






BT2 


BDAL13 




Data/address 


ine 13 






BIJ2 


3DAL14 




Data/address 


ine 14 






BV2 


BDAL15 




Data/address 
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APPENDIX A 
022-BUS PARITY 



The bus parity protocol described in this 
/■ppendix is an optional extension to the 
0-Sus specification. Devices that use 
this protocol are compatible with devices 
that do not use it. Bus parity checks 
occur only if both the master and slave 
have implemented bus parity. 

Pus p2rity provides sinqle bit parity on address transfers and byte 
parity on data transfers. Parity information for both address and 
data is transferred durinq data cycles on the four most siqnificant 
data/address lines. The bus master checks parity during data in 
transfers; the bus slave checks parity durinq data out transfers. 

A.l BUS PARITY PROTOCOL 

Bus parity is checked for both address and data cycles durinq CftTI, 
TATO, and DATIO transactions. Pus parity is also checked durinq 
interrupt vector fetches and block node DATBI and CATBC transactions. 
For all transactions except interrupt vector fetches, bus parity 
information for both addross and data is qated onto bus lines 
BrAL21-18 when data is qated onto FrAL15-("C. Bus parity on the 
address is calculated by both bus master and bus slave durinq the 
address cycle and the two results are conpared during the data 
cycle(s) . for Interrupt vector fetches, bus parity Information is 
gated onto BCAL21-19 while the Interrupt vector is qated onto 
BCAL15-C(". Because there is no address cycle, there is no address 
parity. 



A- 2 BUS PARITY D'JRING DATI TRANSACTIONS 

A DATI transaction consists of an address cycle followed 
■"•ata in cycle. Durinq the address cycle, the bus nast 
,'2-tait address onto P.rAL?l-pn, assertinq BPP"' for I/O Paqe 
Beth master and slave devices calculate odd parity on eDAL21-:ip and 
BB&7. However, durinq I/O Paqe references, both slave and master 
iqnore BCAL71-13 and calculate parity as if those bits were all zeros. 
During the data in Cycle, the bus slave gates data onto TPLl^-Ff, 
asserts BnALl"" and »CA:.1« if a memory parity error has been ^ - — 
and gates the following bus parity information onto Fr;>L21-lP 
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BDAL18 

The bus master checKs bus parity for the high and low data bytes and 
compares the slaves address parity bit with its own address parity 
bit. When a bus parity error is detected, the bos master would 
typically halt operation and interrupt the CPU. Figure A-1 shows a 
typical DATI trinsaction with bus parity. Bus signal timing is the 
same as £or the EATI transaction described in subhead 4.5.4.1. 
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1 UNDEFINED | 
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|t ADDRESS 1 


R DATA 
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1 
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R DATA HB PARITY 
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TDAL18 


It ADDRESS 1 


R ADDRESS PARITY 





Figure A-1. DATI Timing Diagram at Master (with Parity) 
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A. 3 



> PARI 



TATO t 



I DURING DATO TRANSACTIONS 

; of an address 



followed by a single 
cycle. During the address cycle, the bus master gates a 
?:?-bit address onto BCAL21-CP, assertinn PBS7 for I/O Page references. 
Both the master and slave devices calculate odd parity on Ft»L71-0P 
and PBS''. However, durinq I/O Paqe references, both sl^ve and -laster 
ignore BrAL71-13 and calculate parity as if those bits were all zeros, 
rurino the data out cycle, the bus Piaster aates data onto RrALl?-Pf, 
and gates the following bus parity information onto FrAL21-l=: 

BDAL21 



^P-^^ ITADDPESSI 
















1 








1 1 






-~-', r^ 






\ 1 


1 
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Figure A-2. DATO Timing Ciagraa at Master (with Parity) 
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A. 4 BUS PARITY DURING DATIO TRANSACTIOHS 

A DATIO transaction consists of an address cycle followed first by a 
data in cycle and then by a data out cycle. During the address cycle, 
the bus master gated a 22-bit address onto BnAI.21-aa, asserting BBS? 
for I/O Page references. Both master and slave devices calculate odd 
parity on BDAL21-0a and BBS7. However, during I/O Page references, 
both slave and master ignore BDAL21-13 and calculate parity as if 
those bits were all zeros. During the data in cycle, the bus slave 
gates parity information onto BDAL21-18 and data onto BDAL15-fla. This 
bus parity information is identical to that listed in subhead A. 2 for 
DATI cycles. 

The bus master checks bus parity for the high and low data bytes and 
compa'-es the slaves address parity bit with its own address parity 
bit. When a bus parity error is detected, the bus master would 
typically halt operation and interrupt the CPU. 

During the data out cycle, the bus master g^ites data onto BDAL15-aa, 
and gates bus parity inforraation onto anAL21-18. This bus parity 
information is identical to that listed in subhead A. 3 for DATO 

The bus slave checks parity for high and low data bytes and address. 



A. 5 BUS PARITY DURING DATBI TRANSACTIONS 

A DATBI transaction consists of an address cycle followed by two or 
more Data In cycles. The bus protocol procedure is identical to that 
described in subhead A. 2 for DATI transactions. During each data in 
cycle, the bus slave gates bus parity information onto BDAL21-18. The 
bus master checks both address and data parity for the first cycle. 
The bus slave provides the address parity bit for succeeding cycles as 
well, but the bus master may, at its option, ignore it and check only 
data parity. 



A. 6 BUS PARITY DURING OATBO TRANSACTIONS 

A DATBO transaction consists of an address cycle followed by two or 
more Data Out cycles. The bus protocol procedure is identical to that 
described in subhead A. 3 for DATO transactions. During each data out 
cycle, the bus master gates bus parity information onto BDAL21-18. 
The bus master provides the address parity bits for succeeding cycles 
as well, but the bus slave may, at its option, ignore it and check 
only data parity. 



mmm 
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A. 7 BUS PARITY DURING INTERRUPT VECTOR FETCHES 



DIN signal causes 



5tch consists of a modified data in cycle. Th 
I multi-level interrupt device to examine the bu 
determine whether a highar priority device ha 
interrupt. The first device which did not detect 
;y level responds to the BIAK signal, gates its vecto 
BDAL15-aa and gates the following information ont 



Lave calculates odd parity for 
lave calculates odd parity for 



1 interrupt request described in subhead 4.5.6. 



» high and low data bytes. When 
lus master would typically halt 
:e A-3 shovis a typical interrupt 
' )nships are the same as for 



POTENTIAL RESPONSES TO P 



r ERRORS 



rhe master and slave response to bus parity errors has implications 
for system software as well as for system hardware. During "data in' 
transfers the bus master detects any bus parity errors. A OMA device, 
that supports bus parity, should set an error bit, halt operation, and 
interrupt the CPU. If the CPU that supports bus parity is bus master, 
it should halt execution of the current program and trap to an error 
' cycles, however, the bus slave 



When the slave detects a pari 
parity error is detected. U 
halt operation, set a non-ex i 
the CPU. If the CPU is bus ma: 
location 4. For consistency, 
location 4 when a bus parit 



error, BRPLY is suppressed if a bus 
1 DMA device is bus master, it would 
ent memory indication, and interrupt 
!t , it would trap to non-existent trap 
■ 1 block BRPLY and trap t 



is 



iring "data in" 



maam 
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Figure A-3. Interrupt Request Tlning Diagram at Slave (with Parity) 
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1 INTRODUCTION 

The LSI-11 Bus has 



1.1 PURPOSE 

Ttie purpose of this section of the standard is to document the earlier 
versions of the LSI-11 Bus for reference purposes. It is not intended 
to be a specification for new product design. However, it could be 
useful if a new product design requirement includes backward 
compatibility with older LSI-11 Bus c ' 



1.2 SCOPE 

iction applies only to out-of-date versions of the LSI-11 Bus. 
The scope is limited to describing the major differences between older 
s and the current LSI-11 Bus that is described in Section 0. 



RESPONSIBILITIES 
r to Section 0, subhead 1.3. 



1 e, subhead 1.4. 



BUS SIGNALS 



2.1 PHYSICAL OVERVIEW 



the LSI-11 Bus inc: 
2 signal lines currently i 
narized in Table 1. 



2.2 BUS TRANSACTIO^B OVERVIEW 
Refer to Section 0, subhead 2.2. 
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of Signal Line Functions 



Qty 


Functions 


Bus Signal Mnemonic 


16 


Data and address lines 


BDAL <15:00> L 




Memory parity or address lines 


BDAL <17:16> L 




Address and data/Transfer control 
lines 


BSTOC L, BDIN L, 
BDOUT L, BWTBT L, 
BBS 7 L, BRPLY L 




Direct memory access control lines 


BDMGI L, BDMGO L, 
3SACK L 




Interrupt control lines 


BIRQ4 L, BIRQ7 L, 
BIAKI L, BIAKO L 




System control lines 


BPOK H, BDCOK H, 
BINIT L, BREF L, 
BHALT L, BEVNT L 



2.2.1 Power Down Protocol Exceptic 

Duri 



. er dovm sequency BPOK H is used to indicate that power is 
about to fail and BDCOK H is going to be negated. Some older CPU's 
perform fast DIN's to monitor bus signals during the time between BPOK 
H negation and BDCOK H negation. Upon the negation of BDCOK H, BINIT L 
is generated which will cause a initilization of the bus during a data 
transfer (DIN). Some non-volatile memories will not tolerate this, 
resulting in memory data alterations. One such CPU is the POP 11/03. 
User's should beware of the consequences of performing a power down 
sequence with this processor. 



2.2.2 DATO Protocol Exception 

Some Digital microprocessors perf 
(or a DATIO) during every DATO. 
v*ien designing new bus options. 



2.3 SIGHALS AND PINS 



mmi 



3 BOOT PROTOCOL 

Some systems may require fast initialization or restart of the system 
software without going through a power down and up again. TTiis is 
provided by the boot protocol and selection of processor. A power up 
mode that causes the processor to execute a small program out of ROM, 
(sometimes called a bootstrap program) is used to initialize the 
software system. 



Boot Timing Diagram 
a minimtm of 100 nanoseconds, maximun o 

The BINIT L sign2 
the same 

It should be clear from the care taken in the power down protocol that 
activation of the boot protocol (usually done by human intervention) 
is risky business. Mechanical devices in operation when the switch is 
pressed may malfunction. To date, no Digital devices have been 
designed to self destruct on Boot, but the potential is there. System 
designers and mechanical device designers must be aware, and design 
tlieir devices to respond properly to power up, power down, initialize 
and boot protocols. Boot protocol is similar to a false start, except 
that BPOK H and DC POWER remain high, and BDCOK H is negated for a 
maximun of 10 microseconds instead of a minimum of 3 milliseconds. 
Boot protocol might better be named START or better yet, RESTART 
protocol. 



mmm 
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4 WAKE UP CIRCUIT 

Some of Digital's processors have an option called a wake up circu 
This circuit monitors +5 V dc and holds the BDCOK H line negated un 
approximately 1 second after nominal 5 V power is applied to the g 
power and a fully initialized system. Therefore, it should only 
used in very small systems where the system owner is aware of 
consequences and is certain that no device In that system requires 
power up protocol. 0-Bus systems with non-Digital power supplies t 
do not generate BPOK H at all will also be missing the power d 
protocol and may be subject to disk erasures, loss of sta 
information, loss of core memory data, etc. 



ELECTRICAL CHARACTERISTICS 



5.1 BACKPLANE EXCEPTION 



ideal 120-ohm 



Characteristic Impedance 



H9273 
H9281 
DDVllB 
H9270 



43 ohms, (.055 mh, 30 pF) 

76 ohms, (.055 uh, 9.5 pF) 

45 ohms, (.200 uh, 70 pF) 

50 ohms, (0.12 uh, 52 pF) 



•Ideal 



120 ohms, (0.12 uh, 8 pF) 



5.2 TTL BUS 

It is possible to construct a very small system using TTL. This vnuld 
be a one-backplane system, with the etch conductors as short as 
possible (10 inches, maximim) . ^k3t more than three open-collector TTL 
drivers and three TTL receivers are allowed, per signal line. The 
330-ohm, pull-up resistor to + 5 V dc and the 680-ohm resistor to 
ground, available on most Digital Q-Bus CPUs, may be used as the 
open-collector driver pull-up. 
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S. 3 DEVIATIONS FRCM 120-094 CABLE 



120-ohm cables are expensive and physically difficult 
For example, the BCVllA and BCVllB cables use a cable that 
nominally 120 ohm + 2%, but is actually 170-ohras for center conduct© 
and 210 ohms for outside conductors. 



DRIVERS AND RECEIVERS SPECIFICATICWS EXCEPTION 



Receiver Input Voltage 

High Level Input Voltage 

1.53 V minimum § Vcc = 4.75 V 
1.61 V minimum § Vcc = 5.00 V 
1.70 V minimum § Vcc « 5.25 V 



1.30 V maximum @ Vcc = 4.75 V 
1.38 V maximum 8 Vcc = 5.00 V 
1.47 V maximum § Vcc = 5.25 V 



5.4.2 Driver Output Voltage 



Drivers and receivers to meet the nearly ideal specification have 
never been available. However, they are currently being evaluated in 
Component Engineering and will soon be available as 8641-2 tranceivers 
(Digital part number 19-14987-00) for future designs. These, or 
devices with equivalent specifications as described above, are the 
preferred bus interface. Subject to availability, cost, and the need 
to use LSI devices, the new transceiver should be used for all new 
Q-Bus designs. 
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CONFIGURATION OF B 



The position of each option within the interrupt acknowledge and bus 
mastership grant daisy chains, with respect to the controlling and 
interrupt fielding processor, has influence on total system 
performance. Selection of interrupt request level also influences 
total system performance because of the priority schemes previoui5ly 

In this context, system performance can be viewed as a waiting line 
problem. {i.e.. How long will you have to wait in line at a 

McEonald's hamburger stand before getting service?) 

System performance will depend more on some devices being able to get 
service than on otliers. These devices must be placed at a higher 
priority than those that can if ford to wait longer to receive service. 

How does the system designer decide where to place each device in his 
system? Most systems are lightly loaded, having only one or at most 
two CMA devices and two or three interrupting devices. In these 
systems, it is probably no concern at all, but in busy systems, it 
becomes an interesting and complex problem. 

ke is to tabulate the pertinent 
; options in Table 3 that would 



Note 

The numbers in Table 3 are not 
necessarily correct and are provided only 
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:pu refresh is bei 
Licated. The designe 
iced between all othe 



may consider 
s until 64 refreshe: 



1, re-arranging « 
problem is soi 



This technique is not foolproof. Many more sophisticated techniques 
of "Scheduling/Waiting Line/Queuing Theory" can be used as well as 
probably some much simpler techniques. This section is offered as a 
starting point in case it might help some system designers. 



The LSI-11 processors use a 4-phase clock to run the microprocessor. 
External signals are generally clocked into the microprocessor on 
phase 3. If a device is just asserting or negating a signal (for 
example, RPLY) as phase 3 is about to occur, it may get caught if the 
device is close to the CPU and missed if the device is far away 
(further down the bus). If it is missed, it will get caught on the 
next jiiase 3, v*ich means a delay of 383 ns (LSI-11 microcycle time) 
or perhaps many cycles depending on what is happening. For this 
reason LSI-11 systems tend to be configured as follows : 

CPU Memory 

fastest EMA 



Slowest Program Transfer 
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In Fll systems, the processor stops its clock while waiting for many 
events, and some signals are strobed in by a 65 microsecond clock so 
that the effect is much less evident but the principle (configure 
fastest to slowest) still has some merit. 

Obviously, the importance of real time data from certain devices, how 
frequently certain devices need the bus, and v^at else can possibly be 
going on in an operating system when a device needs service will have 
some impact on system design. After all these considerations, one 
must then check totals of ac and dc loading, distribution of loads, 
and power drain. 



From the 


above cons 


ider 


ations. 


maximun 






no easy 


be used 


as a measure 


1 of 


success 



: syste 



; for 



7 POWER DISTRIBUTION, REGULATION AMD BACK-UP 

Power is supplied to the 0-Bus backplanes from one or more power 
supplies, generally via cables and terminal strips. Power and potxer 
return must not be passed from backplane to backplane in or near the 
same cables as the LSI-11 Bus signals and their returns. 

It is preferrable to have a separate power supply for each backplane, 
with power cables no longer than three feet. Signal return paths 
between backplanes will provide comnon low signal reference. Maximtin 
composite signal return path resistance, near end to far end is 50 
milliohms. 

Each bus interface slot has connector pins assigned for the following 
dc voltages: 

+5 V dc: Three pins, AA2, BA2, BUI; 1.5 A maximun per pin 

+12 V dc: Two pins, AD2, BD2; 1.5 A maximum per pin 

-12 V dc: TVo pins, AB2, BB2; 1.5 A maximum per pin 



+12 W: 
+5 VB: 



One pin, two alternates, AVI, [AEl, ASl altera 
when not in Battery Backup use In the system i 
special spare (AEl) or 12 B (ASl)l ; 1.5 A maximum 
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Power is tra 


nsmitted to e 


ach interface s'ot by etch 


backplane te 


raiinal strip. 


Backplanes must be con 


minimum curr 


ent carrying c 


apabilities listed in Tabl 



Table 5. Backplane Current-Carrying Capacity Minima Specifications 







Backplan 


e Interface 


Slots 






8 




12 




18 


+5 V 


18 A 




27 A 




30.5 A 


+12 V 


9 A 




13.5 A 




20.25 A 


-12 V 


4 A 




6 A 




9 A 


GND 


20 A 




30 A 




45 A 


+5 B 


12 A 




18 A 




27 A 


+12 B 


6A 




9 A 




13.5 A 



The power supply, cabling from the power supplies to the backplane 
terminals strips, and wiring from the terminal strips to the interfaces 
slots must be of adequate quality to provide the following at no load, 
■ '.ow line in DEC STD 103 (proposed) class C 



+5 V dc + 5»: 
100 MV. 



+12 V dc -t 



3%: 



100 MV. 

-12 V dc + 3%: 

100 MV. 

When power Is failing and a battery back-up unit is switched in to 
keep critical circuits alive through the special battery backup (BE) 
pins provided, the back-up units must meet the same regulation 
specifications as the appropriate normal voltage. These 

specifications must apply throughout the transition nonnal-to-BB and 
BB-to-normal. In addition, when the transition occurs, no Q-bus 
signals or other interfcces should be affected (I.e. glitches or 
crosstalk created by transition) . 



mwisia 
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INTERRUPT AMD TRAP VECTORS (Cont'd) 



Vector 


Unibus 


LSI-11 Bus 


200 


LPll/LSll, line printer: 
LA180 


LAI 80 


LAVll, LPVll 




RS04/RF11, fixed head dis 






210 


RCll, disk 






214 


TCll, DECtape 






220 


RKll, disk 




RKVli 


224 


TU16/mil/TS03, magnetic 


tape 




230 


CDll-CMll-CRll, card read 








UDCll, digital control sub- 






system 






240 


PIRQ, program interrupt 
request (11/45) 






244 


Floating-point error 




FI3 (optional) 


250 








254 


RP04/RP11 disk pack 






260 


TAll, cassette 






264 


RXll, floppy disk 




RXVll 


270 


User'reser^ed 






274 


User reserved 




User reserved 


300 


(Start of floating vecto 


s) 




374 








400 








404 
410 






ADVll-A 








420 








424 






IBVll-A 


430 






434 








440 






KWVll-A 


444 








450 






User reserved 


777 


(End of floating vectors 
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DEVICE Ara?RESS ASSIGNMEMTS 



Address 


Unibus 


LSI-U Bus 


777 776 
777 774 
777 772 


Processor status «ord (PS) 

Stack limit 

Program interrupt request (PIRQ) 




777 770 
777 720 


DEC reserved 




777 716 
777 710 


CPU registers 




777 707 
777 706 
777 705 
777 704 
777 703 
777 702 
777 701 
777 700 


R7 (PC) 

R6 (SP) 

R5 

R4 General 

R3 Registers 

R2 

Rl 

R0 




777 676 
777 600 






777 576 
777 574 
777 572 


(SR2) 

Memory managanent status reg (SRI) 

(SR0) 




777 570 
777 566 
777 564 
777 562 
777 560 


Console switch and display register 

(XBUF) 

(XCSR) Console 

(RBUF) Terminal 

(RCSR) 


Console 
Terminal 


777 556 
777 554 
777 552 
777 550 


PCll/PRll 






mma 
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DEVICE ADDRESS ASSIGMMENTS (Cont'd) 



Address 


Unibus 


LSI-11 


Bus 


777 546 


KWll-L, DLll-W 


(LTC) KPVll, 
BDVll 


777 544 

• 
777 530 


mil 




777 525 


Unassigned 




777 524 
777 522 
777 520 


Unassigned 


BDVll 


777 516 
777 514 
777 512 


LA180, LPll 
LSU, LVll 


LAVll 


LPVU 


777 510 






777 506 
777 500 


TAll 




777 476 
777 460 


RFll 




777 456 
777 440 


RCll 




777 436 
777 434 
777 432 
777 430 
777 426 
777 424 
777 422 


DTil, bus switch 


8 

6 

5 
K 

3 
12 
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DEVICE ADDRESS ASSIQIMEMTS (Cont'd) 



Address j Unibus [ LSI-11 Bus 


775 626 1 1 units with 
775 624 1 ., 1 modem control 
775 622 1 ''^ 1 capability. 
775 620 1 1 


775 616 1 1 
775 614 ,, 1 
775 612 *^ 1 

775 610 1 




775 608 1 1 
-1 III 1 DEC rese.^ed \ 
lis 6i>0 1 1 


775 576 1 #4 I 

: ! ^" 1 

775 400 1 #1 1 


775 376 1 #16 I 

1 ENll 1 

775 200 1 #1 1 


775 176 1 #16 1 
1 1 
1 CMll 1 
1 1 

775 000 1 #1 1 


774 776 1 #1 1 

1 1 

1 DPll 1 

1 1 

774 410 1 1 


774 406 1 1 

774 404 1 DPll 1 „,„., 

774 402 1 RL01 1 

774 400 1 #32 1 

1 1 



mmn 
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9 DEVICE ADDRESS ASSIGNMEMTS (Cont'd 



Address ' Unibus j LSI-11 Bus 


774 376 1 #32 1 
774 000 1 #1 1 


773 376 i 1 
773 700 1 1 


773 676 1 ♦ M792 diode ROM ♦ 1 
773 400 1 1 


773 376 1 1 

1 BM792-YH cassette 1 

773 300 1 T M792 diode RCM T 1 




773 276 1 ♦ MRll-DB t 1 

'. 1 BM792-YC card 1 

1 1 REVll, BDVll 
773 200 1 1 MRVll-AA 

773 176 1 1 256-word ROM 
1 1 space 
1 BM792-YB disk/DECtape 1 

773 100 1 T MHll-DB r 1 

773 e76 1 1 

1 BM792-YA paper tape 1 

773 000 1 1 



mmn 
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DEVICE ADDRESS ASSIGMMENTS (Cont'd) 



Address j Unibus j LSI-11 Bus 


1 1 
772 776 1 1 

1 PA611 typeset punch 1 

1 1 

772 700 1 1 


772 676 1 1 

1 1- 

1 PA611 l/peset reader 1 

1 1 

772 600 1 1 

1 1 

772 576 1 1 
772 574 1 ,„,, 1 
772 572 1 *^" 1 
772 570 1 1 

772 566 1 1 
1 1 
1 DEC reserved 1 

772 560 1 1 

1 1 

772 556 1 1 

1 DEC reserved 1 

1 1 

772 550 1 1 


772 546 1 1 
772 544 1 , 1 
772 542 1 ""■'■' " 1 
772 540 1 1 

1 1 

772 536 1 1 
772 534 1 1 
772 532 1 1 
772 530 1 -,,, 1 
772 526 1 ™^^ 1 
772 524 1 1 
772 522 1 1 
772 520 1 1 

772 516 1 Memory mgt status reg (SP.3) 1 
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DEVICE ADDRESS ASSIGNMENTS (Cont'd) 



Address j Unibus [ LSI-11 Bus 


770 416 1 1 
1 1 
1 1 
1 ARll, LPSll 1 

770 404 1 1 

770 400 1 I ^^^-* 


770 376 1 1 
1 1 
1 DEC reserved 1 

770 000 1 1 


1 + User Reserved Area ♦ 1 
767 776 1 1 
767 772 1 «»"^'»1 ! "'Vll'n 
767 770 1 1 

767 766 1 1 

]% - 1 DRll-C-.. ] DRvn.,. 

767 760 1 1 


767 756 1 1 

]f^ ]\\ j CR11-C'#3 [ DRVU'#3 

767 750 1 1 


767 746 1 1 
766 000 1 1 


765 776 1 1 

' ' REVU 256 word 
ROM space 
765 000 1 1 



SDSBDSD 
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9 DEVICE ADDRESS ASSIGHMENTS (Cont'd) 



Address 


Unibus 


LSI-ll Bus 


764 776 






764 000 


T User Reserved Area T 
Start here and assign upwards to 767 776 










763 776 


{top of floating addresses) 




760 154 
760 152 
760 150 
760 146 


Floating 
Addresses 


IBVll-A 

Floating 
Addresses 


760 010 


Start here and assign upwards to 763 776 










760 006 








DEC Reserved 


DEC Reserved 


760 000 







